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COMPARATIVE RESEARCH ON THE DISTRIBUTION OF THE MELANIN /829*
OF THE STRIA VASCULARIS IN THE DIFFERENT SECTIONS OF

HUNAN COCHLEA

FUNCTIONAL INTERPRETATION REGARDING THE STRUCTURE
OF MELANIN

P. Bonaccorsi**

(Otorhinolaryngiatric Clinic of the University of Pavia.
Director : Professor M. Cherubino)

The melanin “presen t in the in ternal ear” has always been described
as a biologically inert pigment by otologists of the end of the last cen-
tury (Co rti , Lucae , Ranvier) and the beginning of the 20th century (Alex-
ander , Siebenmann—Bing, Kolmer , Wolff) seeking to explain the nature of
the black pigment presen t especially in the str ia vascularis in the planum
semilunatum , at the base of the macula sacculi and utriculus. They were
concerned with reasons for  its presence in these seats and its possible
function.

The subsequen t his tochemical investigations (Zorzoll and Verneron i,
Beck , Catalano and Madonia) as well as the recent intravital research
(Cherubino , Bonaccorsi , Galioto) have allowed its classification as mel—
aiim (Figure 1).

However , almost all authors attribute no particular functional sig-
nif icance to this subs tance , the concep t prevailing being that it involves
random loca tions owing their origin to the deriva tion of the in ternal ear
from the ectoderm. This could justify the presence of pigmented cellular
elements of the melanogenetic system, wi th origin in the neural cres t as
well as in sea ts no t exposed to light.

There are very few researchers who have studied this pigment or the
cells containing it from a functional viewpoint.

In reality, there are only a few names listed in the bibliography and
success of investigations has always been on the negative side (Beck,
Catalano and Madonia).

The only test data in this field are those coming from research car— /831
n e d  out by our clinic in the last few years and still going on. Initially,
we noted a close correlation between the presence of the cells of the mel—
anogerietic system and the vasal plexi assigned for the production or reab—
sorp tion of liquids in the animal organisms , especially in mammals and

* Numbers in the right margin indicate pagina tion in the ori ginal text.
**Bo].l. Mal. Orrech., 83, 1965, pp. 829—868.
We should like to express our appreciation for the valuable collabora—
tion by Prof. Lanzi from the Semiconductor—Free Radical Section , Prof.
Mascheretti from the Hydrodynamic Section of the Institute of Physics
of the University of Pavia, and Prof. Sacchi of the Dermatological
Clinic of the University of Pavia.
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amphibians. This is true for the choroidea of the eye, the cerebral chor—
oidal plexi, the stria vascularis , the planum semilunatum and the bases of
the macula, utriculus , sacculus and other seats. Its presence , in spi te
of the common ec todermal der ivation of such organs did not appear to be
random. It was not explained why such a distribution was present , for
example , in the stria and in the planum semilunatum and absent in other
seats of the anterior and posterior labyrinth. The same was true for a
number of areas in the eye , brain and other organs which were also derived
from the same embryonic layer.

The hypothesis was sugges ted that the presence of such cells was
closely connected with the functions of such formations.

- Figure 1A. Intravital mic— /830
-
. - rophotograph of the cochlea

of the normochromic guinea
‘.. pig with opening made in cor—

respondence with the spiral
. ligament of the third tract.

Clearly visible are the pig—
- mented cells of the s tria

vasc ular is , represented by
- small—sized elements, limited

- 
- - 

. -: ‘
~~
. in number and by many other

smaller ones mostly with pen —
~~

_
:~~~ •~~~~ Z~ 

-
~~ vasal distribution . The bio—

F ~~~~~~~~ microscopy was always carr ied
Mi crofoiografhi intr . i v iIale di codea di c~vi~ norinocromica ~~ . ~~~~~ 

out without any intravital
apertJ in corn~pon denza del Ie~amenio sp iral e del te rzo giro : sono dye. The contrast then is
ch~j ramente vis ihi l i  k cdlule pi~menIate delhi str ia v~scoIare. rappre.

da ekment i pu1  vo lumino si . In numero limit ~ to e 1a molti exclusively owing to the dark
g u n  p h i  p iccoli a disposizione preva ienie mente periva~ale. La bionii- color of the intracellularc~oscopla e stata es~guit a ~enza alcun co!orante inir~ritale: ii con.
traslo. quindi . ë dos-uto esclusi~ amcn,e al colore scuro della mela. melanin.
nina intracellulare .

Figure lB. Intravital mic-
rophotograph of the cochlea

- . of an albino guinea pig.
— . -~~. 

.- The opening has been made
~~~~~~~ like the preceding one in the

third trac t, very near the

~~~~ 
spiral li gament. The differ—

- ence is clear between the
apigmented stria vascularis

- 

.
. of this albino guinea pig and

the s tr ia  vascularis.  of the
. normochromic guinea p ig having

a standard distribution of
- —~

-—
~
.- - .. *‘ . -~~~ ..

. - .. melanogenetic , normal pigtnen—
F,o. ted system of cells .

M:crofoti ’grat~j int ravi tale di coclea di casia alb in a:  Ii beeccia e apena .
• come Ia pre~~dente . nd ,enao gino . a nidosso del legamento spirale.

Apparc ei idzn ~e h d~fTsrenz a Ir a Ia stri a vascolare api gmentata di (By : Cherubino , Bonaccorsi ,qu rSta cas - :., all’:na e I~ sirla ~~scolare ddla can . normocromica di,.
seminata di ceflu!e dcl •islrma melanogenetico , normopigment.te . Galioto)

Ida C,ir,u ,,, ~o, BonAccops, GAL I OTO )
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For this reason, we undertook a comparative research which has al-
ready been published on albino and normochromic rabbits using sodium
fluorescein and we found that the various barriers such as the hemato—
ophthalmic (aqueous humor , vitreous humor) the hemoliquoral and hemo—
labyninthic ones of the albinos showed a higher threshold of passage for
the dye with respect to normochromic animals. From this , it was derived
that the ~nelanin or its prec ursors could influence cap illary permeability.

However , the experiment was limited to an elec tronegative dye which
was quite d i f f u s i b l e  such as fluorescein and it was not given that  such
behavior could be extended equally to all electropositive or less diffus—
able chemical substances to the extent that , in the biological phenomena
of membranes , it has a considerable importance apart  from the molecular
volume, the elec trical sign of the plasma ions and their cellular endo—
plasnias.

We were then able, using the ample equ ipment found in our research
laboratories , and espec ially owing to the placing in operation of a power-
ful microscope for intravital study , to successfully collec t and document
the special morphological patterns relating to the pigmented cells of the
internal ear of rana esculenta and guinea pigs as well as a number of func-
tional aspects of such elements induced by various stimuli. We were thus
convinced that we were faced with a truly new problem for otology making
necessary a later multidirectional study for the solution of many cochlea—
vestibular questions.

We reported (Cherubino , Bonaccorsi , Galioto) to the Second National
Congress of Microcirculation at Como last October concerning a number of
results of our investigations but strictly connected with the vasal system /833
of the internal ear to which we make reference (Figures 2 and 3).

F Never theless , even before gaining this morphofunctional knowledge ,
we began to collect human material (petrous bones) for a histological
study on the distribution of pi gmented cells of the stria vasc ular is by a
comparative analysis with the distribution of the melanin encountered by
Beck in the stria vasculanis of guinea pi gs and in other inves tigations .

This author , indeed, had emphasized how this pigment would be found
in greater concentration in the apical sec tion of the cochlea and that the
la t ter  gradually became smaller in the intermediate sections excep t fo r
the base one where it was completely lacking. No particular signif icance
was a t t r ibuted to this information, referring to it only as merely mor—
phological— topographical information.

During the untravital investigation on the microcirculation of the
internal ear of guinea pigs which we conducted in these last few years
(Cherubino , Galioto , Bonaccorsi , Sambuco), we were able to check this data

F and conf i rm its accuracy.

For all research carried out on this pigment , we were always seeking
to f ind  wherever possible a funct ional  signif icance  of many morphotopograp h—
ical aspects , even when apparently intuit ive in nature , which has always
j u s t i f i e d  comparative research in this  di rect ion even on human beings by
having available anatomohistological data on which , if necessary,  we formu—
late interpretative hypotheses or lay down the beginnings of later investi—
gations.
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Figure 2A. Rana esculenta:  /832
Intravital  microphotograph of
the perilymphatic  membrane of

, the internal ear showing the
character is t ic  sleeve arrange—
ment in correspondence with

- 
. j  the vasal subdivisions . There

can be seen more pigmented cells ,

~~~
, ~ 

in various functional  phases ,
exclusively contrasted by their
melanin content . One cell can

F . 
. be seen which is not yet pen —

~~~~~~~ 

. .- -

. 
. . 

- vasal which , having the pseudo—
pods retrac ted , assumes a

Ran a escuknta: micr fi , t i graf ~.i n :r av i i ak  dclht niembrana p eni l in fat ica del. rounded shape , whereas the
:::ter fli . chz d :n i i i . t r j  i i  , I t J t : c : . .iCa dISposiziofle a mimi. others already surrounding the

cot to ri .~ r r :  s , i - .~ ’ ,~ d.-~ e sjJd:v:~io ni s jsali . Sono vi s ihi l i  piii . , .
celluk p:~ m n n t J t e . ri tj ’e tun7ionjk dincr ’ .t . cont r as t ate  esciusiva . vessels in ‘ pericytic position
menle per il k r o  conienulo in mr!J n ina :  •e ne nota usa. non aecora 

~.. i i I i
periva saie . .h~ o- zn do cii p~eudi pod: r e t ra r t i . assume form. ioton- stave a spi~er ~ ~e aspec
deg~ :~ nie . m cnt re  Ic l it re . g i~ niorno ai nash . in • atseggiamenso
penic tico ., hanno .SpeItO aracniforme.

.

~~~~~~
. 

~~~~~~~~~~ ~~~~~~~~~~~~~~~- 

~ Figure 2B. Rana esculenta:
Intravital microphotograph

- . . where clearly can be seen the
- 

- 
- - - melanocytes “of the derma l

- .
‘ type” in “pericytic posi tion”

in the vessel curvature being
arranged on the convex surface.
In addition, in this case as

a, in the preceding ones , no
dyeing was done.

- (By: Cherubino , Bonaccorsi ,
. ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Galioto)
Fis 2 . B

Ran a esculenta : micmfoio~ra~a in tra vi ta le done appare chiaramrnt e come
mci.I no cirt • di tip o dermico .. in — atteggiament o pericitico ., nelle
curva ture  vasaP ,i dispnr.~ian o sulla supenficie ctmscssa . Anche in
quesro caso . come cci pr ecedent i, non è h ula f a t t a  aku n a colorazione.

(da CHEPt.a!so , Bor~gccoas, , GALIOT0 )

The investigation appeared o~s the whole to be advantageous since we
had come to know particulars involving the molecular struc ture of melanin
and above all the presence of free radicals which modified the traditional
concepts of the terms and conditions of protect ion of this p igment , not
only in the skin but  also in other sites of the organism where apparently
the cells of the melanogenetic system appeared to only have an a func t iona l
embryogenetic signif icance owing to location outside of the layers which
could be reached by ul traviolet  rays .

It is now advisable to note that the melanocytic endoatmia is closely
connected to the melanogenesis . Indeed , the conventional Raper ’s diagram
(Figure 4) consists , in the passage from tyrosune to indolo—5—6—quinone ,
essentially of three dehydrogenat ing processes and an oxidative decarboxy—
lat ion.  The same last  (and more vaguely seen) phases of polymerization
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with oxydo—reductive condensation of the indol—quunone in position 2—3
(and even 1) appeared to be more than ever accompanied by dehydrogenat ing
reactions.
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FIG. 3
Se rie di fo,o~iraf,e in i ra v i t a l i  di membrana p eri lin lat ica dell’orecchio inlerno di ran.

esculen ,a ecegu lte iopo~raficanientc in ugual i sedi , cIte presentano reti vasali
molto s im i l i . isa su e~empl ari  discrs i e in tempi successivi . per dimostrare ii
compon lamento delle ech oic p i limen lilte dopo esposizione degh i animahi a ,-i. more
insenso , in amhicnt e supersonon~czalo indu s t r i a i e .  t hen visihile I. progressiva

• migraz ione serso i vasi da panic dci nrieia noci ti . cIt e dalla normale disposizione
ini z ia le . ahh a stan za regol armenie d i s tn ih u , i a  I A . aliras-erso fasi in,ernaedie , Li
accumulano a guisa di andlo (B lasciando spazi ottican,cn,e vuoti , raggiun-
1iendo nehie fasi successive ~C . D in vasi cont igui , che avs’olgono quasi corn-

• pktament e in un • mant eh lo cehlulare — di colore nero : — aiteggiamento peridticoa.

Ida. Citr~u~t,ao, BOteACcOLSI, GALIOT O )

Figure 3. Series of untravital photographs of perilymphatic mem—
brane of the internal ear of rana esculenta performed topographically
in equal segments showing the vessel networks which are quite simi-
lar. Various examples and successive times are used in order to
demons trate the behavior of the pigmented cell af ter exposure of the
animals to intense sound in a supersonif led industrial environment .
The progressive migration toward the vessels on the par t of the
melanocytes can be clearly seen differing from the normal ini tial
arrangement. They are rather uniformly distributed (A) passing
through intermediate phases , accumulating in a ring shape (B) leav-
ing optically empty spaces , connec ting in successive phases (C, D)

4 in con tiguous vessels which almost completely are surrounded in a
“cellular layer” which is black in color : “pericyte a t t i t u d e” .

(By: Cherubino , Bonaccorsi , Galioto)

Fur thermore , an active cytochrome—oxidase was located in the melano—
cyte on the basis of the positiveness of the reaction .

In the process of the sw i f t  and comprehensive development of e lectronic
microscopy both with material collected using homogenization and differen-
tial centrif uging as well as with ultramicro tomic sections, there has be—
come established a current of Investigation on the ultrastructure of mel-
anin grains.
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Whereas former  research empirically discussed the melanin grain as
well as melanin considered purely as a unique and well—defined substance ,
the existence of a grain having its structure revealed that the so—called
“melanin grain” had a very comp lex formation (Figures 5 and 6 ) .

The complexity of the grain , explained quite well by Fitzpatrick , et
al. and their “nielanosome” concept shows that we are not dealing with
inert particles but with metabolically active units containing a hetero-
geneous mixture of proteins, melanoproteins, tirosunases, dehydrogenases /835
and cytochromo—oxydases. Independently from the multiple substances
through which , probably in accordance with various reaction diagrams in-
cluding the conventional one of Raper (Sacchi), may be added the polymeri— /838
zation of melanin occurring from the repeated joining of adjacent mole—

• cules of indolo—5—6—quunone which involve the position 4 of one molecule
and position 7 of another (Figure 7) resulting in complex chains of vari-
ous lengths and in a wide spatial distribution , structurally acting to
absorb “light” over a wide range of wavelengths . Hence, this is in the
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direc tion of extensive electromagnetic radiations “well beyond the limits
of the visible spectrum ” from ultraviolet to infrared , to Roen tgen rays,
gamma rays and cosmic rays which represent the essential energy source
from which is conditioned and plasmaed the existence of biological life.
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Pit-ic di on melan i, c i tj  d~ us huiho p ih i fer o  umano . Si s-ecle pat-Ic del nucico ( n )
e . .,ci :acv n ie a que bi ’. Ii ,it na di Golgi ig :  dcli i ecliuh a In questa zona ci
sono ms !ie p i rc i le  vescicok cIt e si ct-edt- siano precut-sot-i di meianosonsi in
quc’sta zona 5~ t ros ino anche melanoss mi prerna tun i m l ;  questi sono SICTICI .
isa in essi si çsnsono seder t - st - eve di st r u i t u r a  int ern a.  Si possones sezionare
sia lon g i r ud i n a im ent e  cht- ontogit n .i lmen ie mdann-.omi pi~i maturi  Im ~). nei
qu ah i  Ia rns-~4n:na si sia sinre t i , . .’zndo. i gra nu h i  compknamenie matur i  (m i )
s n o  conip id t i rneni r  r iv m pi t i  di me lanin . ,  opac a ag li elei t r oni. Si possono
anc he sedere numero’. i miiocondi -i im : t I Bi la ier ahmeni e al melanocita Si Ye-
dono due ch er a t : n oc: t i .  Qucst e cehiti le contengono mitl ie  paniicelk r :bonudeo-
p t t ~ 1che l i - ~~re Lo spaa io Ira ii meianocita e il c lwratin oc iia c tipico (in-
1zra ndimenio a 32000) .

(d.c B,alIccE)

Figure 5. Part of a melanocyte of a human hair root. There can be
seen part of the nucleus (n) and , adjacent to this , the Golgi zone
(g) of the cell. In this zone are many small vesicles which are
believed to be the precursors of melanosomes. In this zone are
also found premature melanosomes (m). The latter are sperical but
they allow traces of the internal structure to be seen. The more
mature melanosoines (1n2) in which the melanin is synthesized can be
sectioned either longitudinally or orthogonally. The completely

p. 
7
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mature grains (m3) are completely f illed with melanin wh ich is
opaque to electrons. It is also possible to see a great many
mitochondria (mit.). On both sides of the melanocyte can be seen
two keratinocytes . These cells contain many free ribonucleopro—
talc particles. The space between the melanocyte and the keratin—
ocyte is typical. (Magnification 32,000 X)

(By: Birbeck)
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FIG. 6

B - Un prrmclanosiima I p ) , sezio naro in usa dirccione talc cite si POSh vcdert
l appirato deik par iicdle su una delk mc-mhrane inter-nc . A destra c’è tan
melunsr.uma compiciamenie nmtuco list) .

C - Due mdanosomi inierm edi cite mestrano Ia formazione di melanin. entiu ii
gr anu lo. ii meiano soma p u t  in basso mostra Ic membrane longitudinali La.
giiat e orioizcina iment e: lui tc h is cuma melanin. è stat . sintet iuat.a . II meiano.
soma p u .  al to è force pieno a merà di melanin. :  si pub vedere un piccolo
spazie pi~r legge rtu . chiaro . nd ent r o di ciascuna lamin . di melanin . die
rappress-n uu Ia struilura piemeianosomica origina le (Ingrandimento a 160.000).

(dir Braiq ’.ca)

B. One premelanosoma (p), sectioned in a direc tion such that it is /837
possible to see the apparatus of the particle on one of the inter-
nal membranes. On the righthand side is a completely mature melano—
some (m3).

C. Two intermediate melanosomes showing the formation of melanin between
the grain. The melanosome seen lower down shows the longitudinal
membrane cut orthogonally. Very little melanin has been synthesized .
The melanosome farther up is probably half—filled with melanin . It
is possible to see a small space which is lighter and clearer in the
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center  of each melanin layer representing the original premelano—
somic s t r u c t u r e  (magnif ica t ion  160 ,000 X) .

(By: Birbeck)
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A-B - Schemi di polimenizzazione deli. me-
lanin. Ida MUNDAY C KE Sm Ur).

Fi gure lA—B.  Pol ymerizat ion diagrams of melanin (by Munday /839
and Kerku t ) .

9

- -- - ‘- ---~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~ ‘ - 

~~~~~~~ ~~~~~~~~~~ - 
- -‘



_ _ _ _ _ _ _ _ _ _  

The ac tivity, nevertheless, of the melanin in the stage of sub-
stance which has arrived at maturity is demonstrated to the contrary of
what was originally believed by the presence of free radicals in its
molecule.

Commoner , Townsend and Pake were the first ones to write concerning
the presence of free rad icals in the melanin. The latter are found to
be hi ghly stabilized in the pigmented eggs of frogs which indicates the
presence in the melanin of free electrons.

Free radicals have also been discovered in the pigment formed from
enzymatic self—oxidation of “dopa” (Adams, Blais and Sands).

Mason , Ingram and Allen have made a general repor t  on the  p roper ty
of f r e e rad icals of melanin derived from various animal origi:ls even in-
cluding melanin prepared from “dopa ” by the action of tyrosinase from
purified fungi. The property of the free radicals is attributed to a
semiquinoid formation of the polymeric 5—6—indolo quinone unit which be-
comes stabilized by the resonance of the whole conjugaied polymer .

During the enzymatic reactions which led to the formation of melanin ,
no trace of free radicals was found . Therefore , it was concluded that the
property of melanin to have free radicals is characteristic of pigment at
the stage of complete maturation.

Furthermore, investigations on the reactions of oxydo—red uction of
melanin ind icate tha t the pi gmen t can act as cation exchange ma ter ial
(White).

The melanin is reduced in a reversible process by sodium hydrosul—
fite to a chestnut and redd ish color and then, using potassium ferrocya—

-
~~~ nide , into a dark color (Figge).

The interesting observation made by Mason, Ingram and Allen that the
melanin of cuttle fish ink reduced with ascorbic acid or H2S loses much
of its character of free radical reinforces the position that this is
capable of forming a reversible oxydo—reduction system by means of losing
or gaining electrons.

On this subject , it is interesting to note that Cassidy has shown /840
that a number of polymers in which exchange of cations occurs can absorb
electrons .

I

The theory of semiconductivity, as means for transferr ing elec trons
(and the energy accompanying i t )  in the biological systems , was set f o r t h
by Szent Gyoergy . The latter considered the possibility of biologic il
semiconductors inhibi t ing the func t ion  by cap tur ing  e lec t rons  or by g iving
up electrons thus sa tura t ing the system and making it inactive . In o the r
cases, a reaction could be originated by the passage of an electron to a
reactive point.

Now Longuet and Higgins assumed that melanin acts as a single-
dimensioned semiconductor , the condution bonds being formed by the inter—

C 
action between the vacant orbits lower down and the single quinoici unit .
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The oxidation of melanin leads to the production of free orbits creating
positive spaces which could l ead to paramagnetic molecular types.

The quantitative valuation of the free radicals is accomplished by
means of special ESR spectrometers , detecting the patterns of “electron
spin resonanc e” of the melanin present in the animal or vegetable sub-
stance considered.

Kerkut , Edwards and Munday have noted that there is a positive cor-
relation between the concentration of free radicals and the degree of
melanization and that an increase in free radicals could occur not only
through the irradiation by short wavelengths (UV) but also by wavelengths
of visible light as well as by the action of heating . Furthermore , it
has been shown that oxidized melanin contains more free radicals than
reduced melanin (Mason, Ingram and Allen) and that the degree of humidity
of the pigment is directly proportional to the higher values of the pat—
terns of “electron spin resonance” (Munday, Kerkut).

One fact appears from the experience of the abovemeritioned authors
is that even light from an ord inary electric bulb , whose spectrum is well
within the longer wavelength , can influence the free electrons of melanin
just like the ultraviolet light even though in a lesser degree. The same
authors have interpreted the effect of temperature on melanin as being
produced by the molecular excitation which has probably increased the
kinetic energy of the electrons with the breaking of bonds.

Melanin can therefore act as a semiconductor as well as an oxydo—
reductive system. One important fact , to be expl ained below , is that this
pigment is a very stable polymer and that the possibility of capturing
or giving up electrons is related to melanin in all stages of maturation
(indeed no free rad icals were found during the phases of melanogenesis).
Once the polymerization stage has been reached , it remains as a stable
molecular construction that can only give up electrons or take on elec— /841
trons in enzymatic oxydo—reductive processes and can also reach the degree
of “maximum saturation” capturing electrons from the electromagnetic rad i-
ations striking it (Munday, Kerkut , Mason , Ingram , Allen) in the postulated
conduction band of the quinoid chain .

It is therefore clear that the melanin plays an important metabolic
role and that it can have an effect on the distribution of transfers of
energy from all the endocellular material influencing the system or elec-
tron transfer according to specific and related plans.

The recently acquired findings on the submicroscopic structure as
well as the enzymat ic  equi pment of the basic “melanosome ” appear to prove
this assumption.

For examp le , insofar  as concerns the activity of the dehydr ogenas es,
• Mian has reported that the latter are located within the melanocyte but

to a degree rela tively less than prevailing in the contiguous cells ar—
ranged along the germinat ive epiderma l layer .  The suggest ion was made
in these reports to note how the accumulation of pigment in one melano—
cytic unit could be connected to an increase in the dehydrogenasic acti—
vity within the same cellular unit.

11
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The comparative estimate allowed finding in the complex that within
the limits of the clear dentritic cell , the succino—dehydrogenasic and
DPNH—diaphorasic activity was more intense in the elements with less pig-
men t than in those which had a higher concentration of melanic accumula-
tion.

The spacing out of the area of positivity was even clearer in the
melanodendrocytes not appearing in the contiguous germinative elements
and in the mal pighian body. Such discoveries confirm the item of evidence
concerning the singular antithesis of behavior between the localizations
of dehydrogenasic activity, on one hand , and on the seats of melanic den-
sity and tyrosinasic activation , on the other hand .

The antithesis between dehydrogenasic activity in the general sense
and the tyrosinasic activity in the special sense can be an expression of
the phenomenon of competition between oxydo—reductive catalytic processes
through which the introduction of one presupposes the interruption of the
other.

The same endoatmic activity of such dehydrogenasic stations could
hence function , on a theoretical basis , by the moderating momentum of the
tyrosinasic reaction and consequently the rate of inelanogenesis. The lat-
ter will be seen to automatically become intensified and connected to the
braking control of the latter in the presence of inhibiting circumstances
which would not form an obstacle to the endoatmic activity itself.

We have considered it absolutely necessary to set forth on a synthe— /842
tic basis these recent events, first of all to report our experimental
data in order to supply the elements indispensable to an interpretation
of the findings which we have encountered in the cochlea and for possible
parallelism with the number of phenomena relating to melanogenesis to the
effect that the pigmented elements of this site can have with cutaneous
sources or other seats.

PERSONAL CONTRIBUTION

- •
- The research was carried out partly on 40 petrous human bones (18

male and 22 female: from fetuses 6 months old and ranging to adults 82
years old). The specimens were taken not later than 25 hours after death ,
fix—d in Lilly ’s solution for 20 days. Decalcification in nitric acid was
then carried out (5% aqueous solution , changed every 24 hours) which oc-
casionally, especially for the advanced stage , included a permanent dwell—
ing of the specimen in the solution for ca. 20 days. Immersions of 24 to
48 hours, in aluminum potassium sulfate after which washing in running
water for 24 to 48 hours.

The method of mixed inclusion was used:

Alcoho l at 80° = 48 hours
Alcohol I at 95° 24 hours

C Al cohol IT at 95° = 24 hours

12
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Absolute alcohol I
II ? 12—24 hours in total
III I

Methyl—benzoat—celloidin I = 48 hours
II = 48 hours
III until the specimen does not

appear transparent

Benzol I = 1 hour; benzol II = 1 hour or 1½ hours , depending
on size of specimens.

Paraffin I at 49° fo r 2 days , changed 1—2 times.

Paraff in 55° for 48 hours , changed once.

Inclusion in paraffin at 60°.

The included specimens are then microsectioned to 12—15 ~i , given the
difficulty of maintaining the sections whole and the topographic relation-
ships of the membranous endocochlear microstructures.

Successively , in order no t to pr oduce an excessive blackening by the /843
melanin (as is confirmed using stains of Masson , Gomori , Achucaro—Del Rio
Hortega) which excessively masks the endocellular structure , we have used
the 1% argentic impregnation , at ambient temperature for 24 hours , con—
trasting with carmalum for 5 mm (method of Lignac: part one).

As test for differential destaining by other pigments , we used potas-
sium permanganate , H202 (Hueck’s test) for a number of sections while it
was found not soluble in formaldehyde , alkalis, weak acids , alcohol , xylol ,
chlorof orm , benzol, ethylic ether , acetone and carbon sulfide.

HISTOLOGICAL FINDINGS

In a way limited to the goals proposed for this work, the histolog i—
cal sections have shown, in agreement wi th what was rev ealed by Beck in
gu inea p igs , a constant and considerably greater concentration of melanic
pigment in the stria vascularis of the apical section , with respect to
that of the basal section , without distinction between the two sexes.
Even the age of the subjects had no effect on these relationships although
there were substantia l quantitative individual differences. In the fetuses
it was not possible to make this comparative evaluation since melanocytes
“were not shown ” . The me lanocytes beg in to assume the argentic tinting
in babies 1—2 years old. The maximum concentration of pigment in pheno—
typ ically similar individuals with general p igmentation occurred around
60 years of age. From this age up to 82 years  of ag e, corresp onding to
the most advanced age of our controlled individuals , we saw no modifications
to any considerable extent in the content “of melanin” of the stria vas—
cularis.

We have spoken spec i f ica l l y of melanin because the histochemical
- ‘ differential reactions performed by us have shown the involvement of this

polymer  in accordance w i t h  opinions set f o r t h  by o ther  au thors .

13
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With a small magnification in the panoramic view of various sections ,
this diverse topographic distribut ion, under close examination , appea rs
already appreciable but becomes even clearer with greater magnification
(Figures 8 and 9) amounting to as much as 800—1000 X at which time it is
possible to distinguish , inside the cell , the granular structure of the
pigment which , for the density of the grains with lesser magnifications ,
gives the impression of being made up of amorphous clumps.

The examination which we carried out always amounted to comparing
not only on a quantitative basis the melanin present in the various sec-
tions but to analyzing the distribution of the endo— and , if necessary , /846
the extracellular grains which were available for observation.

I

C -
. 

. . . ~~4 Figure 8. Microphotographs of

- - 
-. 

: .  -~~~~~‘ ~~~~~~ 
- - the human stria vascularis (f e—

- ~~
. - . male: 62 years old), fixed af—

- 
. ‘ ter Ca. 20 hours following death.

- 15 micron sections , stained with
- a silver impregnation (at 1%)

in ambient temperature for 24

~~~~~~ ~~~~~~ 
- -:.-

- - ~~~~~~~~~~~~~~ 
-- - ,j ’ hours (according to Lignac) and
~~~~~~~ contrasted with carmalum (mag—

B ... ~~~~~~~~~~~~ 
- 

~ nification 800 X).
--

- - 
• ;,, . - A ,B,C. Microsections of the

- v~~’ stria vascularis in correspond-
ence respectively with the ap i—

• cal , intermediate and basal sec—

- - - - 
tion. Clearly seen is the

~~~
-. 

~~ 
- -  1’~~] 

greater concentration of melanin

c - 
-

- 

• .. 
- 

‘
~~ - 

- -
- in the apical section with res—

- 
~~~~~~~~~~~~~~~~ . ‘- 

- ~~~
‘ pect to the intermediate and bas—

• ~~~‘, 
, 

al sections. The melanocytes
are almost all normal ones (of

- - .  
the epiderinal type). There are

Fm 8 smaller melanocytes (of the der—
Micr o(ouiugraf ~e d u s i r u a  cassu , I ~ r umana Idonn a:  62 anni) mal type) predominantly in a

fi ssat a dulpu u 211 or . c11 a . dalLi morte. Sezioni di 13
m~cruI n .  ~~l ’r.ut Q con irnpr rgn azu onv arg enr ica 1.111°_ I  perivasal arrangement. There

e contr .Ico:c coTi carrn.l lume 21 ore ~~condn Li~~~ are “syncyt ia of inelanocytes ”,

A ~- C  - \l r~~e,:~ ri: JelL. r u r ia e..ccolare in corrispon. “hyper trophic melanocytes” and
de n,4 r: .~s : u : s . ,m e n i e  g:r t l  up ic ale . inrermed io e epithelial cells containing
has ..k f~ u~ idenie I.. r’.u~-~ :’’ic cuc nceniraz ,one di me-
l.u ri -i .u ne! c: ~~~~~~ r . -pe :io  a) medio c a l  basgic grains of melanic pigment.

• e . ~~ pure ~~ mI.t:i:~~:i ntu rrnali I di i i po epi-
—

. h r r , i : ~ : ’ - ku flu . 11,15 :11  P• 11 p iC( I1 ) i  di tips dernrico )
pr es ..k ni ~~ue 1111 a d :-pos .,u ne per: c-asal e , dci • sin.
t a  5) -  ills- irs s~~i — , •- ruu s !an ocu i i  iperiro fici . e
d-!~~ • ~suIr cpu s-u i ) :  cu . nu cn enu i  g ra nu l i  di pigmento
rn&anico
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- - Figure 9. Microphotographs /845
of human stria vascularis

- (male: 60 years of age) fixed
after ca. 20 hours following
dea th (silver impregna tion

- - • 
. -. - according to Lignac).

I . - - ~~~~~~~~~~~~~~~~~~~ ‘ . .

B ~~~~
- - 

— 
‘ - - 

~~~~

- 

~~ 
A: Apical section

- 
- - 

~~ 
- - - :-‘ B: In termed iate sec tion

C: Basal sec tion
(Magnif ica tion 800 X)

Also seen in these microsec—
tions is the greater concen-
tration of melanin in the

-
- - - 

. . 
- ap ical sec tion as well as in

~, 
. 

~~
‘ the intermed iate section with

* —~~ respect to the basal one

- . - :  
-
~~ 

- 
- ~ These are almo st all pigmen ted

- ‘~‘ - . 
•. a elements. In B can be seen a

- .
‘ 

- • ,~ • large sec tioned cap illary pro—
* 

. . jecting into the cochleal
cavity as well as a volumi—

Fto. 9 nous vescicular ep ithelial
Microf cuiogra fiv di str ia vauc olare um a na ( uomo: 60 anm) cell in secre ting phase , con—1,ssata dopo 20 ore , circ a , dalla morte (imprcgnl-

zione argenu ica secondo Lignac) . tam ing completely mature
A - gino ap icaie. B - giro intermeduo . C - gito ~~~~~ melanin grains .

Ungrandiment o x 800)
Anche in quesle microsezioni è eviden ie Ia maggic.re con-

cen ’ra , iuunv di mc)anina srI girt i apuca le e nd mcdmo
- I: ri cp s-uu o a! basj k- e cosi pure degli ek’rnenti. pigmen-

i a u i  in  B i v is i h i le  us gru,sso capu llare sezionato,

• s )-u(u rgL- n iv Sc) him 5 - cock-are. ed una s-oluminos. cci-
lul a ~rp iieliale vest ksularc in face secru,uoria , conte-

a nenie granu l i  di mclanina di cornpleta maturazione,

One common phenomenon , no ted in all pr epara tions examined , is the
loss of one part of the grains owing to their departure from the cell con-
taining them related to the very characteristics of the grains which at
the stage of maturity are found in the melanocyte free in the cytoplasm
and limited in their movements only by the density of the medium .

This still does not prevent providing a quantitative evaluation and
a topograph ical d i f f e r e n tial of this p igment in the stria vascularis since
it is a phenomenon which occurs at the level of all the sections .

• Hence , with these premises and given the repe tit iveness of f ind ing s,
we are able to establish that the modest verification of the phenomenon
is no t such to change the comparative evaluation carried out by us.
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~ ~~~~~~~~~~~~~~~~~~~~ (or giant) melanocytes in the mid-
die with normal melanocytes. Sec-
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‘“ ‘

~~~~~~~~~~. • don of skin subjected previously
~~~~~~~~~~~ to long exposure of solar light and

~~~~ ~~~~~ • •~~~~ . 
•~~~~~.‘ . - treated with dopa (magnification

~~~~~~~~~~~~~~~~~~~ :~: —- 279 X) .
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(By: Snell)
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~ ~~~~~~~~~~~ a ~ With kind permission of Williams &

~~
. 
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.
~ )-P —S, .

“~~~~~~
1 

~~~~ Wilkins Company of Baltimore.

*

Lsq ~~~~ •1~ ~~~~~‘i~~
FIG 1 0 . 1 2 . 3

~.klanociii i pt -rirofici Co gsga n tu)  in mezzo a mcii.
n u t - u i norrnal i. Sezione di cute sottoposta
precedenuvmvnic a lungut esposizione di luce
sola re e t ra ui a ta  con Dopa )lngran d x 279).

(da: SHELL)

Pt-c g -ntule ronc. -~sionc alt -/Ia W,Iba,,,s & Wilkins
Co. di B.aliimo,a.

Another datum which we should like to emphasize is that the postmor-
tem degradations encountered in the tissues and the phaneroses of the
endocellular pigment , always done by postmor tem chemical pro cess , if we
can consider one f ixed parametr ic  index , is ei ther beca use an almos t equal
length of time has taken place from the death of the subject to the fixa-
tion of the specimen or because it involves modifications which are con-
firmed in the whole cochlea.

The following data were revealed from observation in immersion of
• the preparations : In the microsections of the stria , a t each cochlear

level, there appeared formations having quite diverse volumes and shapes,
containing silver—stained grains and delimited by membranes. However , it
is possible to see groups of linear segments of these grains almost ap-
pearing to be located with a cytoplasmatic pellicie like a sheath in the
interstice of adjacent cells or superposed on small vessels.

These patterns are not easy to interpret. Indeed , the pigmen ted
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mac roelements in which it is possible to occasionally make out one or
more voluminous nuclei masked by grains of endocy toplasmatic melanin show-
ing various degrees of silver affinity (chestnut color gradations) appeared
in various forms from element to element . Having made the comparisons with
those skins under conditions of normality and actinic stimulation (Figures
10 and 11), we bel ieve we can recogn ize in these cells melanocy tes in
various phases of maturation and functional activity with characteristics
which put them close to epIdermal melanocytes. While we consider tha t
the other formations with a small section , anucleate , circumscribed by
a limiting membrane , with a cytoplasmatic halo and small groups of grains
may be more or less oblique transverse sections of dendrites of melano—
cytes either located in proximity of those which can be seen in the sec—
tions or appear ing to be dis tan t, it appears probable that they could be— /848
long to dislocated elements with the cellular body in other levels.

The semidiagrammatic reproduction of Leimgruber (Figure 12), the as-
pec t of the epidermal melano cy tes (Fi gures 10 and 11) and of some of those
appear ing in the intravital microphotographs of the lateral membranous
semicircular canal of normochromic guinea pigs (Figure 13) and of the
perilyinphatic membrane of the internal ear of rana esculenta (Figure 14B)
(Cherubino . Bonaccorsi , Galioto) justify this interpretation by the fine
arborescent prolongations shown by these cells in the expansion phase.

L - Figure 11. 7 micron sections of skin :

- 
. .~~~~~ melanocyte in mitoses. There may be

seen the presence of premelanin grains .
Oil imm ersion. 1125 X.

- 

- 
- (By: Mitchell)

With kind permission of Williams &
Wilkins Company of Baltimore.

FK II
S-,uoni di cute di 7 mKyon : me-

ljnncut a in mi,nhi . Si nota I.
p r e’s -nza d, gr anui i di p~cme-
lanin a. immersione in oho
x i125,

a 
Cd. M,yaacu )

P1’ g.-.,.’i.’r cCun(rsI,one deli. Wil.
I, s.wa C- Wilkins Cr. d: Miswor,..

In addition to these formations , there can be seen in the sections
cells with lesser dimensions and nonuniform shape arranged linearly and
whose grains show the same tinted property as those of the more volumi-
nous elemen ts previously described and which we then interpret as melano-
cy tes smaller in size and in various ac tivity phases , similar to the
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melanocytes of the “derma” : Ind eed , these are more frequently than the
other s In a per ivasal arrangemen t in “per icy tic posit ion ”.
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~ - Figure 12. 5.2 cm /849
~~ 

,- .
• 

- 
~~ . — guinea pig embryo :

- - - - 
- La teral wall of the

cochlear canal. Be-
havior of pi gmen ted
cells with respect to

- the epithelium , in
- - • - . . semidiagraminatic repro—

- 
- 

~~~~~~~ —~~~~~ 
.- 

duc tion .

- 

- •~
_
~c _~ 7,j 
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(By: Leimgruber)
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FIG. 12

• Embrione di caria di 52 •m part-Ic laicraic dd canale codeare. Compo rt amcnto
alt-lie cdlulc pi gment ate rispelto agli epite li. in ri produzione semi,chematic.,

I d a: LEIMGaUIE1)

a.

A significant detail resulting from observation of microsections of /851
the stria vascular is is tha t , in a number of cases , a t the level of the
apex , there are groups of inelanocytes apparently in syncytial unions and
appearing to constitute voluminous p igmen ted polynucleate cells (Figure
14A ,C). Nevertheless , independen tly from the volume of the cells , the
sta in character istics of the gra ins are the sam e for  each sec tion as is
clear from examining the macro— and inicroelements (nucleate and anucleate)
of the two extreme sections : the apical and the basal (Figures 8 and 9).

Indeed , in th is  l a t t e r  one , all of the pigmen ted cel ls , furthermore
scanty, assume a sl ight yellowish tinge , so much so as to hard ly  be abl e

C to be d i f f e r e n t i a t e d  wi th in  the context  of the t i s sue  and n a t u r a l l y  their
sligh t a f f i n i ty for silver is an index of the incomplete maturity of the
melanin grains.
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Figure 13. Intravital /850
micr opho tograph of the

• lateral membranous semi—
circular canal of the

- normochrom ic guinea p ig
- performed without any

tin ting : There can be
clearly seen melanocy tes
in various phases of ac—

-
- - 

tivity (ball—shaped , ar—
- 

-- 
achniform), some of which

- arranged surround ing a
• small arteriole connec-

ted with a bifurcation.

- (By: Cherubino , Bona—
ccorsi , Galioto)

Ftc . 13

\Iic rstui•tog r . fla r i t r as  t~ k- dv) cana)e ‘r -in i~ isolate Ia~erale membranoso di cavi.
Ii, I t S- ,, r fltCJ e’.c-gu a —s ill, : f l i s i l ) • ) r J I i O f l t  -.u vedono chiaram ente tnt-

• l. iri,s - . :: ri sa r ua  t o e  di i i i : ,  i~s a piUs . aracn ih•rm i C , di cui aicuni disposti
ii i Sh r r i O  ad Un.. t i e r ;  ~a in  ~s•rrispondcn aa di usa buuisrcaztooe,

ida C c re t - s i .o . Bo-~itci -sts, . G*itoro)

p

Fur thermore, progressing in observa tion from apex to base, we f ind a
considerable reduction in all the melanocytes (macro, micro , syncytes) or
at least a reduction in their stain property.

One other da tum which resul ted from the his tolog ical prepara tions is
the presence of melanin grains also in the ep i thelial  cells and above all
in those in the secretive phase in the high cochlear section. In these
cells, th~ pigment when it is present is made up of uniform intense dark
grains just like those contained in the melanocytes with a greater enzy-
matic activity and like those which commonly are f ound in the ap ical and
medium—level sections of the stria vascu lar is wi th notewor thy ind ividual
di f ferences  as f ur thermore we have remarked for  all  the elements of the
melanogenetic system whereas it is practically absent in the basal section.
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CONSIDERATIONS

It is beyond the scope of our research to make any attempt to inter-
pret the terms and conditions for removing the melanin grains which are
produced by the melanocytes in the stria vascularis. Still , the encounter
of these grains also in the ep ithelial cells sugges ts tha t in the str ia
vascularis there can occur the same phenomena as f ound in the ep idermis.

Cr uic kshank and Harc our t ascer tained us ing “time lapse” ph otography
on suspensions of ep iderm is fr om humans and guinea pi gs “in vitro” in /853
special chambers , how the transition of pigment to “keratinocytes” in
culture , principally occurred in two modes:

In the first (Figures 15 and 16) , the terminal part of the den-
drite is dilated , the cy topla sm becomes more f l uid , the cellular
membrane in the kera t inocy te is lif ted as if the two forma tions
were reciprocally attracted . Coming into contact , the extremity
of the dendr ite is f olded allowing escape of groups of grains
wh ich penetrate in this way into the cell. At no time was there
observed the passage of a single grain. It is also seen that the
meianocyt.~ can give mo re than one ep ithelial cell at the same time
and , on the other hand , tha t one ep ithelial cell can receive grains
for more than one melanocyte;

In the second process, the dendrite is located along the surface
of the epithelial cell, the grains move toward the terminal part
of the dendrite which is detached forming a group of grains.
Similarly , the latter show rapid undulating movements and phago—
cytes come f r om the epithelial cell as a group still surrounded
by a pellicle of cytoplasm. The remaining dendrite quickly with— /854
draws .

Hence , there is to some extent direc t intra cellular emission as well
as a process of phagocytes.

According to quite recen t investigations (Wassermann) , beyond the
melanop hores presen t in the skin and capable of contrac tion and expansion
under hormonal stimulus (alp ba—MSH and beta—MSH) the leukocytes (lympho-
cy tes , granulocytes and monocytes) will also enter into the process of /855
extramelanocyte migra tion of gra ins of melanin and will be encountered
in the peripheral blood in reptiles , amphibians and even in man , under
normal cond itions , in the pigmented races (Backer, Wassermann) especially
on the occasions of septic cutaneous inflammation (Wasserinann) or trauma—
tisrns of melanotic tumors (Ishj zaki) in the white race as well .

However , it appears (Masson , Mitchell) that the melanocytes of the
epidermis can transfer grains with pseudopods through the basal membrane
as well as macrophages and inelanophores of the skin, dis tr ibut ing grains ,
hence in two directions.

Flows of dark melanin grains , also without dopa staining, have been
seen by Mi tchell in the dendri tic connec t ions of melano cy tes wi th vec tor
cells. When the latter are full with pigment , they appear to go more
deeply and even to assume perivasal positions .
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~“~ B,C. Intravital micro—
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- pho tographs respec tively

of the per ilympha tic
membrane of the inter—
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enta and the stria vas—
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~~~~~~~~~~-- of a normochromic guinea
Fi G . 14 pi g jus t as they appeared

Visione d insieme di quadn istologici cal intravitali : to direc t observation
A - C - Micrnssezioni isiologiche di sin s vascolare umana C It siesse delta ~g. 8 e 9) .

dcl giro ap icale , i m i t a t e  con impregnaz ione arge nt ica secondo Lignac . without  any staining.
B -  D - Microfc ’iogmalir intr a s - i t a l i  r isp ett i vamen l e della membrana per il in f at ica dcl.

l~orccch :o stern o di r ana esculenia e della sin ia vascolare C icrza sp ira l di
cavia normoc mom ica , cos i come appa iono alla ossers-azione dirett a , scnza ai- (By : Cherubmno , Bona—
cuna colorazione . Ida: CIt , .RUhIs O , BON ACCO aSI . GALI0TO ) ccors i, Galioto)

Dat con fronts dci quadri istolo gici con gli intr as - i t a l i . cn~ntrolIan do ant-he Ia rico-
siruzj one ccm’s-cI-st-maiica I Lcingi -ubcr l a i rapp or ti Ir a nie lanot -it , ed epitelto
al..!!a pa r ete Iarer ,d e del condoi t o menih r ano . o cc,cleare embni ona le della cavia
( f i g. 12. si pU~5 i n t u i r e  com e siano . • in s’ivo •. Ic uni oni sin cizi al i (B-D) Ira
mv!anocit i Ida due a pu s  elcm ent i . Quesis part icol a re • convivenza celtu-
l i re • é meg l i .m evkk n t e  nt -Il. , microfo t i ig ra fia de lla membrana per il infatica
della tan s

From the comparison of the histological pa tterns with the in travi tal pat-
terns , also checking the semidiagrammatic reconstruction (Leitngruber) and
the rela tionships between melanocy tes and epithelium of the lateral walls
of the cochlear embryono membrane duc t of the guinea pig (Figure 12), it
is possible to perceive how the syncytial unions (B—D) could be “in vivo”
between melanocytes (of two or more elements). This special “cellular
cohabitation” is clearer in the microp hotograph of the per ilymphatic mem-
brane of the frog (B).

21

~~~&.. ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ‘~~~ 
- 

- - 

. 
- -.



- •  

a~~~~

- :~
‘ 

- a :.~~~
’ 

~~ ~~~~.. - Fi gure 15. Cul ture  in

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
. - - ‘ -z “ . 

-
~ vitro of suspens ions of

- - ~, 
- ~~~

- epidermal cells cf a normo—
- - ‘ “ - i~ 

‘
~~~~~

- chromic guinea pig (13
- ~~ \.. ;-

~
‘
~~~

- - . 
- 

~~ days). This provides clear
-: ~~ t illustration of passage of

~~~~ 
~~~~~~~~~~~ ••~~~~~ ‘ a group of grains of melanin

.
‘~~ 

- - ‘ç’
~
’..,- 

~<7 IJ

’ 
.s~~~~ 

f rom a dendri te into an epi— 

- 

~~~~~~~~~~~~~~~~ • thelial cell.

. .. ~~~~~~~~~~~~~ 
- i. -

~
~~~~~~~~~ - / -. - 

- . •  

~J (By: Cruickshank , Harcourt)

:a.~~ ~~~~ With kind permission of Wil—

FIG. 15 h ams & Wilkins Company of

Cui,ura in vitro di scmspensioni di cellule epidermiche di cavia ~~~~~~~~~~~~~~~~~ (13 Baltimore.
giorni ) . t iilus,r a io chiaram enie ii passagg io di un gruppo di granuli di
mnelanin a da un dendri te in una celiula epitciiaie.

I da: CR uIcKs.w~x , HARcoUR T)

Per geni ile conct’ss ione delta Williams & Wilkins Co. di Baliimo, ’e.

~~~ ~~~~~~~~~~~~ “!?t ’ ~~~~~~~~~ 
. ‘

Figure 16 Culture in
:.

~~~~
-
~~~

- 
• 

- 
- - - 1’•. - - vitro of suspensions of

- . 
-
~~

_
;

_ 
- - - 

1 -

- 
. ~~~~

; epidermal cells of a normo—

~~~~~

- -
- 

- - 
~~. - - • ‘:_ 

~~~~~~~ ~~; 
- - ‘) chromic guinea pig (35 days).

- 

-
- 

• 
- . 

- 
-I 

- 

-
- 

~~ - ~~~~~~~~ - .:,~ •4 a. The dendrite of a mel—• I ~~ 

- 

~~ 

- .

~~ 
- . 

. 
- ‘ •

, 
~ 

anocyte is loca ted through 
- - - - -— ~- r ~ 

- - -..-
~
-.-—-.----.- - -

~
--

~~~~~ 
the epi thelial cell and the

4 . . 
- - - 1- ~~~ - -

~~ 
~ cytop lasm is beg inning to

• 
- 

~ become more fluid (zero
~,, a minute),

• . . 4 4
I 

~ ,P’. -~~ ‘ . ‘ - ‘ b. The dendrite breaks up

~: ~~~~~~~~~~~~~~~~ :.:... 
(29 minutes),

- - .~~ - -
~~ r- ..~~. - ~~~~~~~~~~~~~~~~~~~~~~~~~~ c. The nucleus in the epi-

— 
~~
. dermal cell appears top

-‘ 
-
~~ left (49 minutes),

- 

- .
~ d. A phagocy te process wi th

- 
a group of melanin grains

- • P - (62 minutes),

~~~ 

~~~~~ / - e. (76 minutes).

-. -:~~~~~ 
—

FIG 16 (By: Cruickshank , Harcourt)
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22

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~ ~~~~~ i~~ 2 ~~~~~~~~~~~~~~~~~~~~~ ~~~ 
- ~~ -

. 

~~~~~~
~ -



- -
- 

—. --
~~~
-

I t appears , according- to Birbeck , that the melanophores of the skin
can syn thesiz e melan in grains as ep idermal nielanocytes , but wi l 1 not be
differentiated by being mobile and by hold ing back the pigment inside
their own cytoplasm becoming effector cells.

The study with the electron microscope of the ultrastructure of the
pigmented formations of the stria vascularis and other seats of the inter-
nal ear can help unders tand ing and interp reting the many morph olog ical
and f unc tional problems of these cells which , owing to the discriminative
power of the optical microscope , given the masking of the gra ins , can only
be made hypothetically.

The magnitude of this problem becomes clear from our preceding inves—
tigations (Cherubino , Bonaccorsi, Gahioto) on a number of morphological
and f unctional aspec ts of the elemen ts of the melanogenetic sys tem carried
out on the rana esculenta and on normochromic and albino guinea pigs.

Having made these premises (to the extent that it is not possible to
discuss melanin , hence the melanin gra in, wi thout consider ing the cell
producing it and carrying it as well as the terms and conditions of dis-
tribution), the fundamental question arising from our investiga tion is —

the one related to the find ing of a large quan tity of melanin and hence
of melanocytes, detectable ones , at the apex with respec t to the base of
the cochlea , no t only in guinea pi gs , as has al read y been shown by Beck ,
but also in man. This suggests , given the varying posi tion of the human
cochl ea , deeply situated in the cranial vault , pro tected by Lhe thickness
of compac t bone of the pars pe trosa , compared with that of the guinea pig,
projected freely into the air cavity of the bulla and hence much more
superficial compared wi th the integuments, tha t such dis tribut ion of pig—
meat in the cochlear canal is not a function of the influence of “light”
bu t is connec ted with the morphology and structure of this type of acous-
tic apparatus , arranged in spiral form and that overall it is a conic sec-
tion.

The considera tion whereby , accord ing to the traditional concept , the /856
melanin should provide protection from ultraviolet rays, or accord ing to
somewhat more recent concepts even by now out of date, from rad iations in
general , did not find justification in this organ . Indeed , if in the
guinea pig through the special seat of the cochlea which is found with the
apex more exposed in the cav ity of the bulla , covered with a much thinner
perio tic capsule than at the base , it would be possible to assume the cap-
ability of easier exposure to radiations and hence by this to justify the
greater development , in the upper trac ts, of the melanog ene tic sys tem,
that is excluding the human cochlea , shif ted in ano ther sea t, and that it
will never be able to receive more light in special incidence through the
tympanum and the fen estra cochleae wi th reversal , in such case , of the
pigment distribution.

The unequal location of melanin , hence , exc ludes this pigmen t f r om
having a protective role involving radiation . In such a case, ther e wou ld
be a uniform distribution in the whole cochlear canal.

The assumption that in an ectoderinal organ , which in a certain phase
of its ontogenetic and phylogenetic development is found open to the outside ,
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justifies the presence of melanic pigment (Catalano , Madonia) could be
an attemp t for an interpretation leaving unsolved problems . First among
these would be that involving the exact location in connection with the
microvasa l plexi of production and of reabsorption of endolytnp h , whether
in the anterior or posterior labyrin th. In the second place , insofar  as
regards the acoustic labyrinth , it leaves without response the differing
pigmentary concentration clearly greater at the apex , even in man , as
our investigations have verified and which we cannot consider to be acci-
dental.

There are admissible individual differences connected with the geno—
typical characteristics. There is, however , a constant topograp hical pat-
tern of the pig m)t’~tary cochlear planimetry owing to the rationality of
ultimate biolog ical laws which have allowed evolution of the animal and
vegetable species and still exert on our generations their bio—histioforma—
tive power. Hence, there should be a biolog ical justification . After
having evaluated all of these assumptions , we have f ormed our opinion on
these problems in a manner consistent with biophysical laws.

The func t ion  of Corti’s organ is closely correlated to the constancy
of a number of biochemical and physical characteristic s of the endolyniph
and peril ymph which in turn  operate  in the complex phenomenon of selective
and secretory permeability basically integrated into the two—term phrase:
“Cap illary endo thehium” — “epithehial cells” of the stria vascularis. /857
It is for this reason implicit that any kind of minimum change in the
physiological equilibrium owing to cytological disorder at this level ,
espec ially in the capillary walls which are greatly exposed to hemodyna—
mic stresses , delays prod uction of end olymph with constant chemical—
physical changes resul ting in harm to the sensorial cells.

Now , in an organ with a conical section like the cochlea , with unde—
formable walls , there can occur a number of phenomena connected with the
propagation of the vibrational wave, that is the instantaneous molecular
attrition (the acoustic wave having a sinusoidal character) and through
all frequencies and through the greater intensity at the point not at the
base of the cochlear canal .

Indeed , considering the labyrinthine liquids to be incompressible
and the walls of the cochlea to be rigid , the fol low ing rela tionship be-
tween veloc ity and area of the sect ions along the ax is of the acoustic
labyrinth is as follows :

S
l
y
1 

= S2 v 2

in which S1 is the larger sec tion of the base of the cochlea , V1 the in-
stantaneous velocity of the vibra~ ional movemen t at this level , 

~2 the
mino r sec tion of the cochlear apex and V the ins tan taneous veloc ity of
the rela t ive vibra tional moveme n t , and i~ follows tha t “the velocities
are inversely propor tiona l to the sec tions”.

to

Hence , during the vibr ation , the velocity of the liqu id in the slen-
der area of the canal is grea ter than the veloc ity in the area in proxim ity
to the stirrup bone.
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On the other hand , it is noted that “the force of attraction ” exerted
by a layer of liquid on the walls of a duc t, owing to the viscosity effect
is given by:

V A
F = ri

in which V is the velocity, A the sur face  of the lay er , h its distanc e
from the wall , and T~ the viscosity coefficient of the liquid . It results
from this that , within the slender areas of the cochlea , there are attrac-
tive forces of the liquid on the walls that are greater than those exerted
on the walls of the area with a greater section.

Such diversity of ltfriction l
~ is reflected in a different stress for

wear of the walls and consequently in a “different intensity of production
of heat by friction”.

For this reason , it is possible to physically explain how thc stria
vascularis , in correspondence with the apex , undergoes the most mechanical
stresses and hence, potentially, the greater vascular—ep ithelial injuries ,
which wi th equal frequency result proportional to the intensity of the
sound .

Hence , there may be given according to this postulate a phylogenetic /859
justification to this typical location of melanin , melanocytes or even bet—
ter the melanin grain. This is a biologically active unity now considered
as the substrate of the oxydo—reductive systems and the latter is function-
ally considered a biolog ical semicond uctor , reactive noncontinuous source
of electrons in every case of cellular pathergy of a mechanical—vibratory
nature through the prop er ty inherent in the polymeric molecule of the mel-
anin itself to supp ly free radicals by breaking the bonds of union follow—
ing upon all instantaneous rises in temperature which are verified at this
level as has been experimentally demonstrated with measurements of the
“electron spin resonance” spectrum in other seats (Munday, Kerkut).

Furthermore , the stimulation and local melanogenetic activation ex-
plains the presence of “hypertrophic melanocytes t’ and “syncytes of melano—
cy tes” which are sometimes encountered in the apical tract , in the sections
of the human cochlea examined which found a relationship in the biornicro—
scopy of the same seat in normochromic guinea pigs (Figure 17) with mor—
pholog ical analogy as occurs in the “epidermal melanocy tes” exposed to in—
tense actinic stimulations (radiation in the ultraviolet , X , cz and y regions)
(Quevedo , Grahn , Szabo , Mi t che l l ) .

It is true also that the whole cochlear melanogenetic system can feel
the e f f e c t s  (as in other  locations) of hormonal a c t i v a t i o n  ( i nt e rm e d in ,
Fi gure 18): Atwell , Hog hen , Winton , Frieden , Bozer , Lerner , chizme,
Bunding, Karkun , Mukerji , Chav in , Lerner , McGuire , Snel l ;  es t rogen—
pr ogesteron e : Snell , Bischi tz , Snell.; and the neurovegetative control
(Bathman).

From this  it can be considered that the circulation is not at all
alien to pi gmentation. Indeed , the af f l u x  of chromogenes and oli gosvner-
gic coe f f e ctors (branches , etc.) comes into the melanogeneses as an
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Irrigating agency. The same stimuli considered adequate to promote the
synthesis of the pigment (actinic radiations as well as ultraviolet and
infrared radiation , cosmic rays , h e a t )  are at the same time adequate to
ca use , with an angiotropic effect , a vessel response with gradation of
i n t e n s i t y  pass ing from infraliminal effects to an obviously pathogenic
reaction. From this , the importance is clear whereby it is possible to have
even phylogenetically a correlation between vascular disorder owing to
supralimina l intensity of sounds and the chief locations of melanocytes
at the apex of the cochlea by contributing with their granular enzymatic
set “reserve energy sources” through local biochemism.

- 
Figure 17. Stria vas— /858

. 

cularis of a normochromic

- 
guinea pig (bone opening
corresponding to the
third t r a c t ) .  (Magnifi-
ca t ion  of f i g u r e  lA in
order to be t t e r  show the
morphology and topography
of the elements of the
melanogenetic s y s t e m . )

(By : Cherubino , Bona—
ccorsi , Galioto)

With kind permission of
Williams & Wilkins Corn—
pany of Ba l t imore .

FIG 17

- ‘ i-i- d i ~ i : ,  n- r:n. r , ’n’ .c a bretcia o’sca in corr ispondenra dcl teno
1 , i r ’ ’ - l _ - r i ,  I. -r-e:i ~ !~ ~, i~~~r a I A . pe r me-gl io ev’denziarc Ia morfok.gia

1 , i .  v ie its iii~ dc ’ e i — i e m .s melanogenctico).

— Ja Cin.ti . ntts o. Bo-.A m oK s . GAL I0T0)

/‘ .
~ 4, .ri i r - i ’ ’ : .  iiii r-i J - 1 a  1l dhams & Wi/ k i ns  Co di ilalsimora.

Indeed , in the cochlea and more particularl y in the stria vascularis
in Corti ’s organ in the structure of the external sp iral tract where the
metabolic processes are more active , there is a larger enzymatic content.
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In a c o m p a r a t i v e  analytical examination , the various topographic distri— /860
but ions of the dehydrogenases affect the stria vascularis and the spiral
connection. Thus , the dehydrogenases (succinic and the DPN diaphorases)
are encountered in considerabl y larger concentrations at the base than at
the apex (Yoshikawa , tIorimoto , Koide , Hando , Yosikawa) (Figure 19) whereas
the cytochromo—oxydase has a uniform distribution in the whole section
(Yoshikawa , Morimoto , Cont i , Borgo).

Functional tests also carried out by the authors indicated above
have shown that prolonged acoustic stimulation reduces the quantity of
dehydrogenases present in the stria vascularis especially in the apical
trac t , in the center as well as the lower one according to whether the
frequencies used are low or high respectively whereas an overall decrease
occurs for the cytochromo—oxy dase independently from the frequency impres-
sed on the stresses.
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FIG 18 melanocytes appears in—
M ictvilinogratie della pelle della parete antcr iore deII ’addome di creased and complex den—

ca sia norrnocrotntca: 
- dritic processes are filled

A - aspetto dci melan ocii i prima del trat lame-mi to ;
B - d .po t r a i t a r n en t o  con a l f a - M  S H - 1 numer o &i melanociti with melanin (treatmen t

.ip -rare a i r r i c r i : ; ’  cal i c inip ics si pmocessi dendr iticu ~ mo ri- .

c’olmi ci. melj n in s  t r a t i am en t o  con Dopa - Ingr . $~ 5) with dopa —— magnification

(da SNELL ) . 885 X )

(By : Sne l l)

However , it is found that in each chain of enzymatic systems the
functioning depends on the fact that the product of the fermentation ac-
t ion makes a specific substrate of the following enzyme . The cellular
endoatmia , that is the transport of electrons without molecular oxygen , /862
is essentially accomplished through the chain of cvtochromes present in
the mitochondria.

A resp iratory chain suc h as this can he indicated diagrammatically as
f ollows:

substrate — deh ydrogenase — cvtochrome — cy to ch rom o —

oxydase —

from which the i m p o r t an c e  is c l e a r  of the reserve of dehydrogenase as a
source for immediate utilization of eni rgv for Cortl. ’s organ and for the
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stria vascularis in the segments of the cochlea corresponding to the
stimulization frequency.

From the comparative observation of the topographic distribution of
the dehydrogenase , it is striking how the presence of the melanin in the
stria vascularis is inversely proportional to the concentration of these
resp iratory enzymes. Such a correlation does not appear accidental to
us because it corresponds to wha t was encountered by Mian in the epider-
mis and dermis where the same relationship exists. 

~~- —  

.5-

- - 

. -
.

I
Figure 19. Distribution of

- the succinic dehydrogenase
in the stria vascularis at /861

- 
.~~~~~~ the level of the apical (A)
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med ium (B) and basal (C) tract

- - of guinea pigs (histochemical
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. staining). The reverse ar—
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rangement is clear on the par t

-c - - of the melanin from the apex
to the base of the cochlea.
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FIG. 19

Dis t r ihu , ooe della su cinu.dcr dro ~ena-si nella s,ri a va !COlare a
livello dc-I ~~

-. r r  ap ica k ‘ A C  mcdio (B )  e basale (C) di
cas a I coli i r J, ~,’ne -suoc hiniic a C. t evidence a
iio nc i n s i r - .& Ii quc ils della mclini mia , dall apicre alt .
base C~ la i s  -a La deidro 1icnasi k coloraua in scm:
r oal ta a s a  macelms concenlrazionc nd gi ro b.aale.

Indeed , even in the cochlea , at the base where the dehydrogenase is
prominent , we find that the melanin is scarce whereas the reverse is true
at the apex.
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The interpretation given to the “system” in the skin can thus be
t r a n s f e r r e d  to the cochlear level. It  is probable that it involves en-
zymes with a balanced activity from which the dehydrogenase , by its very
chemical structure , would be for immediate use whereas the melanin , as a
polymer with an elevated stability, would take place as an auxiliary en-
zyme releasing elec trons progressively with the reduction of the inhibit-
ing preponderance of the former during its utilization .

Accord ing to this concept , melanin has a reserve enzymatic activity
and explains its protective task for the neural epithelium at the coch—
lear level , thereby integrating the local oxydo—reduc tive processes.

According to this concept , melanin probably has an enzymatic reserve
activity which would explain its protective task on the neuroep ithelium
at the cochlear level, to some extent integrating local oxydo—reductive
processes deferr ing the phenomena of cellular hypox ia a t the str ial level
which is expressed by the changed cap illary permeability retarding the
acoustic fatigue and later protecting the neuroepithelium from injuries
caused by the acoustic trauma. Owing to this , the basal section , being
the one possessing the least pigment, is found to be the most vulnerable.

Hence, theore tical ly ,  the individuals who , owing to geno typ ical make-
up show less pigmentation of the stria vascularis, other parameters being
equal , are probably more seriously damaged and on an earlier basis by
intense and prolonged exposure to noise and in which there will have to
be “that hypothetical constitutional factor” which determines the great
difference in individual sensitivity for this type of cochlear injury.

Furthermore , the possibility should not be excluded of deep penetra-
tion by infrared radiation and partially cosmic radiation of the melanin
owing to the high photoabsorptivity related to its molecular struc ture. /863
This does not explain in the internal ear the protective function commonly
postulated wi th  respect to radiation , ra ther it represents a subs trate of
accumulation of grad ient energy passing through it but with the satura-
tion of the reticulum by the magnetic molecular resonance which is ref lec—
ted in modifications of the extranuclear struc ture of the molecules and
atoms or in modifications of energy of rotation or vibration of the same
molecules. The energy used in various forms of conversion (by production
of free radicals or exchange of cations) appears to be a function of the
progressive reduction of the dehydrogenasic activity and of the molecular
stresses mechanical—vibrational itt nature present in the cochlea.

Accord ing to this view of the problem , hence , the melanin and more
analytically the melanin grain, can be considered the “energy resource ”
of the cochlea not absolutely necessary for its sensory f unc tion and f or
the life of its cells. However , in emergency condit ions owing to exces-
sive acoustic stimulations , it could enter into the chain of respira tory
endocellular oxydo—reductions avoiding the danger or slowing down the ef-
fects of temporary or irreversible cochlear damage.

From this hypothetical concept , which requires experimental confirma-
tion, results the “prophylac tic” impor tance for preventive medicine of
being able to recognize in the mass of individuals a tes t for evalua ting
the “concentration” of melanic pigment in the stria vascularis which could
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be related to another easily observable phenotypical surface constant
such as the expression of p le iot ropism of a single gene .

Furthermore , as we have reported , it is understandable why research-
ers who have deal t with the argument have not f ound modifications in the
histochemical reactions owing to melanin at the strial level following
various stimuli to the extent that , in the latter , with complete maturity
of the grain, there basically occur only intramolecular electronic muta-
tions “of reticulum” as in semiconductors not demonstrable with chemical
reac t ions but which impose recourse to electronic physics for their ap-
praisal.

SUMMARY

Compara tive research on the distribution of the melanin of the stria
vascularjs in the different sections of human cochlea. Functional inter-
pre tation regarding the structure of the melanin.

- - I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
‘, - .- .- . - - -. -

The author , on the basis of histological findings (40 petrous bones
starting from the age of 6 months to 82 years), shows in the human “stria
/vascularis” that the same pigmentary s t ruc ture  can be found as in guinea
pigs. In fact , the concentration of melanin is a major quantity in the
apical tract of the cochlea and -it decreases quantitatively in the lower
tracts.

— - - 
- 

_ , _ I _ , , ,

The reseafch has a special significance because of the recent find-
ings regarding.presence of free radicals of melanin . Such pigment could
be considered -as a factor in the oxydo—reductive system of the labyrinth
and could also have the function of a biological semiconductor .

As a matter of fact , the author states that the apical tract of the
cochlea is subjec ted to most of the mechanical influences and, for this
reason, the vessels and epithelium have the po tential poss ibili ties for
more frequent stress. - - -

The author also observes , as in the cochlea , that there is an inverse
quantitative relation between melanin and dehydrogenasis. ~~/ -_ - i - -  - 

-

The author states that the “melanin grain” can be considered the
- ~~‘ - source of energy of the cochlea and (although not indispensable to the -

vital function)of the cochlea itself), it par ticipates in emergency
requests to the respiratory oxydo—reductive function of the cells avoid—
ing or reduc ing a possible temporary or permanent cochlear damage.
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